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Abstract 
Transition-metal-containing metallacycles play an important role in modern 
organic chemistry research, because of their special structures, chemical activities, 
physical properties and potential application prospects. During researches on unique 
characteristic chemical reactions of metallabenzenes, the synthesis and 
characterization of several novel metallacycles containing osmium and ruthenium 
have been described in this dissertation. The reactivities of some metallacycles have 
also been preliminarily studied. In addition, the helicity inversion of cysteine-bound 
ruthenabenzene in aqueous solution has been demonstrated. This dissertation consists 
of the following six chapters: 
In chapter 1, the chemical reactivities of metallabenzenes and the research 
progress of metallabenzenes with the first- or the second-row transition metals are 
briefly reviewed. The documented synthetic methods and reactivies of 
metallacyclohexadienes and metallacycles containing coordinated allene fragment are 
summarized, respectively. The speculative knowledge of chiral transition metal 
complexes is also described. In addition, the research objectives of this dissertation 
are presented. 
In chapter 2, the nucleophilic addition reactions of the phosphonium-substituted 
metallabenzenes with bidentate ligand DPPM are demonstrated. The process involves 
the nucleophilic attack of aromatic metallacycle by the nucleophile DPPM, followed 
by the cleavage of C-P bond, which gains support from the isolation and 
characterization of intermediates, especially the Jackson-Meisenheimer complex. The 
reactions are potentially useful as they provide a simple and efficient method for the 
synthesis of cyclic η
2
-allene-coordinated complexes with different metals and 
substituents, via the intramolecular nucleophilic addition reaction, from the 
metallaaromatics.  
In chapter 3, the method for new highly stable metallabenzenes via nucleophilic 
aromatic substitution reaction has been developed. The multicyclic ruthenabenzene 















Na2CO3 gave a mixture of monophosphonium-substituted ruthenabenzenes 3-4 and 
3-5, presumably through a P-C bond cleavage of the metallacycle. In addition, 3-3 
readily reacted with HCl to yield ruthenabenzene 3-6. Thermal stability tests 
demonstrated that these new species of metallabenzenes have remarkable stability 
both in solid state and in solution under air atmosphere. Especially, 3-4 and 3-5 can be 
heated at 170 
o
C for at least five hours without appreciable decomposition. The 
multicyclic ruthenabenzenes were also found to be fluorescent in solution and have 
similar spectral behaviors to those organic multicyclic compounds. It suggested a 
degree of electron delocalization within the metallacycle and the 8-hydroxyquinoline 
ring, which accorded with the X-ray diffraction study. This study enriches the 
synthetic chemistry of metallabenzenes with the first- or the second-row transition 
metals.  
In chapter 4, the interconversion between the metallabenzenes and 
allene-coordinated metallacycles bearing phosphonium substituent has been 
investigated. Treatment of osmabenzene 4-1 with MeONa in dichloromethane 
produced the cyclic η
2
-allene-coordinated complexes 4-3, which may be formed 
through the cleavage of C-P bond followed by a migration of the hydride ligand from 
osmium to the carbene carbon atom. The isomerization of osmacycle 4-3 to 
monophosphonium-substituted osmabenzene could be achieved when the chloroform 
solution of 4-3 was refluxed. The cyclic η
2
-allene-coordinated complexes have been 
proposed as key intermediates in transition metal-catalyzed reactions of allenes.
 
Therefore, the accessible interconversion may give new hope to future development 
of allenes chemistry. 
In chapter 5, the helicity inversion of the metal-centered chirality of the 
ruthenabenzene has been studied. We found that the helicity of achiral 
ruthenabenzene complexes could be in situ induced in a reaction with L/D-cysteine in 
aqueous solution and further inverted by the change of pH. A change of the 
handedness of cysteine results in an inverted stereodynamic effect. To the best of our 
knowledge, this is the first report on the chemical interaction between 
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In chapter 6, the innovation of the dissertation is concluded and the prospect of 
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(MLn)取代的金属杂环己三烯。早在 1979 年，Thorn 和 Hoffmann
[3]
就在 Hückel
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